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(54) [Title of the Invention] Thermal Bond 
Fiber 

(57) [Summary! 

[Construction] A conjugate fiber comprisin 



inue to the last page. 



ng Poly (lactic acid) 



I a poly (lactic acid) 
polymer A having a melting point Ta and a Foly (lactic acid) polymer 



ilting point Tb which is 



B. The poly (lactic acid) polymer B has a ml 

10°c or more lower than the melting point t|i or is amorphous having 
no melting point. 
[Effects] 

It has biodegradability and also can 
is suitable for producing various fiber sti 
biodegradability. 



be thermally bonded, it 
uctures having 



[Claims] 

[Claim 1] A thermal bonding poly 



10 



(lactic acid) fiber 
which is a conjugate fiber comprised df a poly (lactic acid) 
polymer A having a melting point Ta ar 



polymer B, ^cha racterized in that! the i 
polymer B has a melting point Tb whict 
lower than the melting point Ta or is 
melting point. 
' — — [Claim 2] The thermal bonding pd 



according to claim 1, wherein the polj 
A contains 80 mol% or more of L-lacti| acid unit or D~ 
lactic acid unit. 

[Claim 3] The thermal bonding pcjly (lactic acid) fiber 
according to claim 1 or 2, wherein crd« 



15 structure of the conjugate fiber is core-sheath type, and 



the core is comprised of the polydaclf: 
and the sheath is comprised of the po! 
polymer B. 

[Claim 4] The thermal bonding ptjly (lactic acid) fiber 
20 according to claim 1 or 2, wherein it is a conjugate fiber 
compounded into a multilayered structure comprised of the 
poly (lactic acid) polymer A and poly (lactic acid) polymer 
B, and its cross sectional structure is a parallel type 
(side by side), a multi-core type, a nulti-parallel type 
25 (stripe) , a concentric circle type, a:i eccentric circle 
type or a radial type. 

3 



d a poly (lactic acid) 
oly (lactic acid) 
is 10°C or more 
amorphous and has no 

ly (lactic acid) fiber 
(lactic acid) polymer 



ss sectional 



ic acid) polymer A 
y (lactic acid) 



• > r 



[Claim 5] The thermal bonding po 
according to any one of claims 1 to 4, 



poly (lactic acid) polymer A and/or pol ^(lactic acid) 
polymer B is copolymerized with from 0 , 1 to 15% by weight 
of polyethylene glycol having a molecuLar weight of 300 or 
more . 

[Claim 6] The thermal bonding poLy (lactic acid) fiber 
according to any one of claims 1 to 5, 



y(lactic acid) fiber 
wherein the 



poly(lactic acid) polymer A and/or polyflactic acid 



10 polymer B is copolymerized with from 0 



of a compound having at least one multifunctional group 
selected from the group consisting of an aliphatic 
polyhydric alcohol, an alicyclic polyhydric alcohol, an 
aliphatic polyhydric carboxylic acid, an alicyclic 
15 polyhydric carboxylic acid, an aliphatic hydroxycarboxylic 
acid, an alicyclic hydroxycarboxylic acid and an aromatic 
hydroxycarboxylic acid. 
[Detailed Description of the Invention 
[0001] 

20 1 [Industrial Field of Application] Thi 
to a poly(lactic acid) fiber which has 
is suitable for producing nonwoven fat 
fiber structures. 
[0002] 

25 [Prior Art] Poly(lactic acid) is drawing attention as a 
complete circulation type biodegradable polymer which is 

4 



wherein the 



,1 to 15% by weight 



invention relates 
biodegradability and 
ric and the like 



finally converted into carbon dioxide bind water under 
natural environment, e.g., by undergoing its degradation by 



microorganisms* Since polydactic aci 
point and high crystallinity, it is e*| 
promising also as clothing and industrial fibers. However , 
only extremely limited applications are currently known, 



such as surgical suture making use of 
The reason for this is that developmer 
commercialization techniques of poly(] 
10 products were delayed, in addition to 
establishing techniques for its practi 
and industrial fibers. 
[0003] 

[Problems that the Invention is to So] 
15 provide complete circulation type bioc 
structures such as nonwoven fabric anc 



i) has high melting 
pected that it is 



by keeping biodegradability of polydcctic acid), the 



present inventors have conducted inte 
accomplished the invention as a result] 
20 object of the invention is to provide 
poly(lactic acid) fiber which is suiti 
various biodegradable fiber structure; 
biodegradability and thermal bondabil| 
[0004] 

[Means for Solving the Problems] The 
polydactic acid) fiber of the invent 

5 



25 



its biocompatibility* 
t of the 

actic acid) as fiber 
the difficulty in 
cal use as clothing 



ve] In order to 
egradable fiber 
woven or knit fabric 



sive studies and 

of the efforts. The 
a thermal bonding 
ble for producing 

having 
ty. 

thermal bonding 
on is a conjugate 



to be used in the 



fiber comprised of a poly (lactic acid] 
melting point Ta and a poly (lactic ac: 
is characterized in that the polydact: 
has a melting point Tb which is 10°C cp 
melting point Ta or has no melting po: 
[0005] 

The poly (lactic acid) polymer A 
invention (to be referred to as u polyiker A" hereinafter) is 
a crystalline polymer having a meltino point Ta, On the 
contrary, the polydactic acid) polymti 
invention (to be referred to as "polyner B" hereinafter) is 
preferably a crystalline polymer having a melting point Tb 
in view of the excellent heat resistance, but an amorphous 
polymer having no melting point can ai.so be used. When it 
has a melting point Tb, the melting po: 
temperature which is 10°C or more Iowg; 
point Ta, and the difference between 
preferably from 10 to 80°C, more prefe|j 
60°C. 

[0006] 

The polymer A to be used in the 
preferably a polydactic acid) polyme: 
mol% or more of L-lactic acid unit or 
It is known that poly (lactic acid) ex: 



isomer as optical isomers, but when both of them are 



copolymerized, the product shows redu 

6 



polymer A having a 
d) polymer B, which 
ic acid) polymer B 
r more lower than the 
nt- 



int Tb is a 
r than the melting 
oth melting points is 
rably from 30 to 



invention is 

which contains 80 
D-lactic acid unit, 
sts in D isomer and L 



ed melting point and 



becomes amorphous poly (lactic acid) vrt ich does not show the 



melting point any longer when the opt 
sufficiently low. The optical purity 
in the polymer A (ratio of D isomer o 
5 preferably 80 mol% or more, more prefe 
more, most preferably 98 mol% or more 
[0007] 

As described in the foregoing, tj 
melting point Tb which is 10°C or more 
10 melting point Ta of the polymer A or 



melting point- In order to obtain a poly (lactic acid) 



polymer having low melting point or at 
poly (lactic acid) polymer, it can be 



adjusting optical purity of lactic ac:.d unit in the polymer 



15 B. That is, a polymer having low melt 
by reducing the optical purity and an 
be obtained by further reducing it. 
[0008] 

In general, since L isomer is pi| 
20 acid is produced by a fermentation me 



cal purity becomes 
of lactic acid unit 
L isomer) is 
rably 95 mol% or 



can be obtained industrially in a lar<re amount and 



he polymer B has a 
lower than the 
s amorphous having no 



amorphous 
chieved by optionally 



ng point is obtained 
amorphous polymer can 



oduced when lactic 
tiod, L-lactic acid 



inexpensively so that the poly (lactic 
invention generally use L-lactic acid 
component. However, even in the case 



25 containing D-lactic acid, physical properties similar to 



the case of L-lactic acid can be obta 

7 



acid) polymers of the 

as the main 

of a polymer mainly 



ned. 



10 



20 



25 



B to be used in the 



also be used* In 
copolymerized in an 



[0009] 

As the polymer A and/or polymer 
invention, a polydactic acid) polymedl obtained by 
copolymerizing lactic acid with polyethylene glycol having 
a molecular weight of 300 or more can 
that case, the polyethylene glycol is 
amount of preferably from about 0.1 tJ 15% by weight, 

[0010] 

Also, the polymer A and/or polyner B may be 
copolymerized with preferably from 0.: to 15% by weight, 
more preferably from 0.1 to 10% by weight, most preferably 
from 0.5 to 7% by weight f of a compoui d having a 
multifunctional group, such as an alijhatic polyhydric 
alcohol, an alicyclic polyhydric alcolol, an aliphatic 



15 polyhydric carboxylic acid, an alicyc; 



carboxylic acid, an aliphatic hydroxyc arboxylic acid, an 



alicyclic hydroxycarboxylic acid or ar 



hydroxycarboxylic acid, or a cyclic ccmpound such as a 



lactone or a cyclic ether. By copolyir 
compounds having multifunctional grouj 



compounds, fluidity of polydactic acid) in melt spinning 
is improved so that spinning operabili ty and yarn quality 
can be improved. 
[0011] 

According to the invention, in drder to obtain 
uniform and high strength good quality fibers, the polymer 

8 



ic polyhydric 



aromatic 



2rizing these 
s or cyclic 



A may have a molecular weight of preferably 50,000 or more, 



more preferably 100,000 or more, most 
more. In addition, in order to obtain 
fiber products, difference in the mole 



preferably 150,000 or 
uniform fibers and 
cular weight between 



5 the polymer A and polymer B is preferably 50,000 or less 



referably 20, 000 or 
r weight between the 
, it causes a 
ity and quality 



acid) fiber of the 
ded into a 

A and polymer B, and 



more preferably 30,000 or less, most i 
less. When difference in the molecula 
, polymer A and polymer a exceeds 50,00c, 
tendency of lacking in spinning stabii i 
10 change and irregularity of the obtained fibers become 
large, thus posing a probability of s| oiling their 
commercial values. 
[0012] 

The thermal bonding poly (lactic 

15 invention is a conjugate fiber compour 
multilayered structure of the polymer 
examples of its cross sectional structure include a core- 
sheath type, as well as a parallel type (side by side), a 
multi-core type, a multi-parallel type 

20 concentric circle type, an eccentric circle type, a radial 
type and the like. In each case of the cross sectional 
structure, the polymer B is exposed t<« at least a part of 
the fiber surface- When the polymer E is not exposed to 
the fiber surface, the thermal bondab: lity is not shown so 

25 that the object of the invention cannot be attained, Thus, 
when cross sectional structure of the 

9 



conjugate fiber is a 



core-sheath type, the core part is constituted with the 
polymer A, and the sheath part with th3 polymer B. 
[0013] 

In addition, ratio of the part constituted with the 
polymer A in the conjugate fiber is pr 
weight, more preferably 60% by weight 
preferably 70% by weight or more, and 



weight or less is desirable. The aforementioned conjugate 



fiber is produced generally by melt-sp 
10 through a special nozzle designed in s 

respective cross sectional structure cjan be obtained 
[0014] 

When the thermal bonding poly (lactic acid) fiber of 
the invention is entangled and made into a shape of 



15 nonwoven fabric and then heat^pressuri 



machine at a temperature of higher than the melting point 



of polymer B, if it has a melting poir 
melting point of polymer A, the polyme 
original form and the polymer B is me] 
20 polymer B in other adjacent fiber, so 
fabric can be obtained. 
[0015] 

[Effects of the Invention] Since the 
poly(lactic acid) fiber of the invent 
25 in which poly (lactic acid) polymers he 

melting points are conjugated/ only or|e of the polymer 

10 



sferably 50% by 

more, most 
a ratio of 95% by 



inning the material 
ach a manner that 



zed by an embossing 



t, and lower than the 
r A is keeping its 
ted and bonded to the 
that a nonwoven 



thermal bonding 
on comprises a fiber 
ving different 



sly (lactic acid) 



parts is melted when heat-pressurized at a predetermined 
temperature, so that the fibers can be thermally bonded 
together while keeping shapes of the fibers 
[0016] 

5 Thus, when the thermal bonding p 

fiber of the invention is used, a complete circulation type 
biodegradable nonwoven fabric can be produced without a 
binder. Since the thus obtained nonwo 
sufficient tensile strength, tear resi 
10 strength, it is suited for applicatior 
civil engineering and construction use 
It is suited also for clothing goods 



has great application effect as completely biodegradable 
materials so far unfound. It is particularly useful as a 
15 biocompatible wound covering material 
[0017] 

Also, a new completely biodegradable packaging 
material can be obtained by laminatinc 
the invention in longitude/latitude oi 



20 making it into a low density woven sti ff or silk gauze, and 



thermally bonding together at the cro* 
melting to make it into an ultra lighu 
addition, an airtight cloth can also lie obtained by passing 
a woven or knitted cloth through a heating calender roller 
25 to effect thermal bonding of the woven or knitted loops. 



/en fabric has 
stance and peel 
s such as bags for 

and vegetation mats, 
nd sanitary goods and 



the filament yarn of 
thogonal direction or 



s-points by heat 
weight net. In 



11 



melt-polymerizing L- 



having the melting 
y selected as the 
obtained poly-L- 
c acid copolymers, 



[0018] 
[Examples] 
Examples 1 to 3 

A poly-L-lactic acid obtained by 
lactide as the material synthesized f i om L-lactic acid and 
poly-D/L-lactic acid copolymers obtaii ed by copolymerizing 
L-lactic acid with D-lactic acid at pi edetermined ratios 
were prepared. The poly (lactic acidjs 
points shown in Table 1 were optional' 
polymer A and polymer B from the thus 
lactic acid and various poly-D/L-lact: 

and using them as the constituting cor ponents, parallel 
type (side by side type) conjugate filers were formed, 
drawn and then heat-treated to produce! thermal bonding 
poly (lactic acid) conjugate fibers, 
[0019] 

These conjugate fibers were mad* 
subjected to crimping and then made ii to nonwoven fabric, 
Binding of the nonwoven fabric was carried out by heat 
embossing. In this case, the embossirg temperature was 
optionally set within a range lower tljian the melting points 
of the polymer A as shown in Table 1. 
shown in Table 1. In this connection, 
strength" as used in the tables of th .s specification is a 
value measured by deforming a test piuce strip having a 



into cut fibers, 



The results are as 
the term "tensile 



12 



width of 50 mm at a stretching rate op 200%/min, and shown 
within measured values of N = 10, 
[0020] 

Comparative Examples 1 and 2 

Poly (lactic acid) conjugate fibfers were produced in 
the same manner as in Example 1, exce 
acid) polymers having a melting point) 
than 10°C were selected as the polyme; 
Subsequently, nonwoven fabric was pret 



pt that poly (lactic 
difference of less 
A and polymer B* 
sared in the same 



manner as in Examples 1 to 3. As is evident from the 



results shown in Table 1, the effect 
small and the obtained nonwoven fabri 
physical property values 

[0021] 
[Table 1] 



of heat embossing was 
z was inferior in 



Items 



Exatnpl 



1 



Comparative Examples 



! 



Polymer A 



Melting point (°C) 



no 



178 



130 



175 



100 



Ratio of D-lactic acid (ma\%) 



10 



Polymer B 



Meltins point (°Q 



130 



ND 



ND 



168 



95 



Ratio of P-lactic acid CmolVQ 



15 



15 



I 



10 



Embossing temperature (°C) 
Tensile strength (kg) 
Appearance of nonwoven fabric 

Weight of nonwoven fabric (g/rn 2 ) 

Polymer ratio A/B 

All-over judgment (note 2) 



150 
4-9 

Good 

43 

50/50 
® 



100 
3-8 
good 

45 
60/40 
© 



70 
5-11 
Surface 
wrinkling 
52 
70/30 
O- ® 



172 
1-5 
fluffing 

49 
50/50 
A 



97 
I or less 
wrinkling, 
fluffing 

46 
50/50 
A 



(Note 1) ND: amorphous having no malting point 
(Note 2) ©: markedly excellent, O; excellent), A; inferior 

13 
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[0022] 

Examples 4 to 6 

The same poly (lactic acid) polyn 



5 1 to 3 were used as polymer A and polymer B and the cross 



sectional structure was changed from i 



ers used in Examples 



arallel type to core- 



sheath type to produce core-sheath tyj e thermal bonding 



er melting point 
lting point polymer B 
fabric was prepared 



conjugate fibers comprised of the higl 
polymer A as the core and the lower me 
10 as the sheath. Subsequently, nonwoven 

in the same manner as in Example 1. T)|he results are as 
shown in Table 2. 
[0023] 

Comparative Examples 3 and 4 

The same poly {lactic acid) polyn 



Comparative Examples 1 and 2 were usee, as polymer A and 



polymer B and the cross sectional stri 
from parallel type to core^sheath type 
sheath type conjugate fibers comprise* 



20 melting point polymer A as the core aid the lower melting 



pint polymer B as the sheath, Subsequ 
fabric was prepared in the same manne 
The results are as shown in Table 2, 



ers used in 



cture was changed 
to produce core- 
of the higher 



ently, nonwoven 
as in Example 1. 
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[0024] 
[Table 2] 



Items 


Examples 




Comparative Examples 


4 


5 


6 


3 


4 


Melting point of polymer A (°C) 


170 


178 


130 


175 


100 


Malting point of polymer B (°C) 


130 


ND 


ND 


16S 


95 


Embossing temperature (°C) 


150 


too 


SO 


172 


97 


Tensile $rrength (kg) 


5-8 


4-6 


3-8 


1 or less 


I or less 


Appearance of nonwoven fabric 


good 


good 


good 


fluffing 


wrinkling 


Weight of non\voven fabric (g/rn*) 


50 


45 


49 


47 


53 


Polymer ratio A/B 


60/40 


60/40 


60/40 


60/40 


50/50 


All-over judcmient (note 2) 


0 


O 


O 




A 



(Note 2) ®: markedly excellent, A: inferior 

[0025] 
Examples 7 to 11 

A poly-L-lactic acid or poly-D/ 
copolymerized with a multifunctional 
compound and glycerol or polyethylene 
shown in Table 3, thereby preparing v 
acid) polymers having different melti 
poly (lactic acid) 5 having the melting 



j-lactic acid was 
jroup-containing 
glycol at the ratio 
rious poly (lactic 
g points- The 
points shown in Table 



3 were optionally selected as the polymer A and polymer B 



from the thus obtained poly-L-lactic 
conjugate fibers having a core-sheath 
cross sectional structure were formed 
The obtained conjugate fiber was therjnal bonding 
poly(lactic acid) fiber. 



cid polymers, and 
type or parallel type 
by melt spinning. 
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Subsequently, nonwoven fabric was prepared in the same 



manner as in Example 1. The results e 
3. 

[0026] 

5 [Table 3] 



re as shown in Table 



Item 5 



8 



Examples 



10 



11 



Polymer A 



Melting point (°C) 



173 



172 



169 



167 



177 



Copolymer name 
Ratio (% by weight) 



CLC 
i 



GLC 
2 



PEG 
I 



PEG 
3 



none 
0 



Polymer B 



Melting point (°C) 



128 



100* 



100* 



t50 



167 



Copolymer name 
Ratio (% by weight) 



D-lactic acid 

5 



D-lactic aqfrd 
10 



D-lactic acid 

10 



D-lactic acid 
2 



PEG 
3 



Type of conjugate fiber 
Embossing temperature ( 6 C) 
Tensile srrength (kg) 
Appearance of nonwoven fabric 
Weight of nonwoven fabric (g/m 2 ) 
Polymer ratio A/B 
All-over judgment (note 2) 



core-sheath 

140 
5-8 
Good 

44 
60/40 



core-shea 
110 
5-9 
good 

50 
50/50 



parallel 
100 
4-8 
good 
47 
50/50 



parallel 
160 
2-5 
good 
51 
40/6O 
Q> @ 



core-sheath 

170 
5 - 10 
good 

46 
30/70 

@ 



(Note 2) ®: markedly excellent, O: excellent 
{Note 3) *: slightly unclear melting point 
(Note 4) GLC: glycerol, PEG; polyethylene glycol 



10 [0027] 

Examples 12 to 15 

A core-sheath type conjugated f 
of polymer A and polymer B having the 
in Table 4 was produced. The thus ob 

15 type conjugated filament yarn was a 
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lament yarn comprised 
melting points shown 
ained core-sheath 
thermal bonding 



poly (lactic acid) fiber having the properties shown in 
Table 4, The thus obtained thermal bending poly {lactic 

slty silk gauze and 



acid) fiber was woven into a low dens 



jiear strength" used in 
stripe of test piece 
proximately 45° 
the silk gauze and 
Lie tester, and the 



er at 120°C to obtain 



passed through a heating calender rol 
5 a solid tissue silk gauze having various voids of a weave 
texture space of from 0.1 mm to 5 mm vith well-effected 
filling. As is evident from the resu] 

the products were markedly suitable aj tea bags and the 

like food packaging materials, 
10 [0028] 

In this connection, the M loop s 

Table 4 was measured by cutting out a 

of 5 cm in width giving a slope of ap 

against the longitudinal direction of 
15 deforming the test piece using a tens 

result was expressed as the lower limit strength until the 

longitudinal yarn and latitudinal yar i were peeled off. 
[0029] 

Comparative Example 5 
20 Using the same polydactic acid 

Comparative Example 1 as the polymer 

sheath type conjugate fibers having t 

Table 4 were produced. Subsequently, 

prepared in the same manner as described in Examples 12 to 
25 15. As is evident from the results s lown in Table 4 r the 



polymers used in 
\ and polymer B, core- 
le properties shown in 
silk gauze was 
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products were not suitable as tea bag 
packaging materials. 
[0030] 

Table 4 



and the like food 



Items 



Examples 



12 



1 f 



14 



Compar- 
ative 
Example 



IS 



Melting point of polymer A (*C) 
Melting point of polymer B ( 6 C) 
Polymer ratio A/B 
Fineness (denier) 
Yarn strength (g/d) 
Elongation 

loop shear strength (kg) 

Tea bag performance 



173 
128 
60/40 
24 
3-5 
35-50 
3 or more 
© 



110 



i: 
7a 



o 

30 



3i 



6 

60 



4- 

3 or knore 



178 
ND 
50/50 
75 

3-4 
33-45 
1-1.8 

© 



177 

167 
40/60 

24 
3-5 
30-60 
0.5 .*! 
O- © 



175 
I6S 
60/40 

36 
4-6 
25-60 
0.1 or less 
A 



(Note 1} ND: amorphous having no melting pox it 

(Note 2) ®: markedly excellent, O: excellent. A: inferior 
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